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REMARKS/ARGUMENTS 



Claims 1-58 were pending. Claims 3, 4, 8-12, 19-43, 46-58 were withdrawn from further 
consideration as directed to non-elected subject matters in the present application before the 
amendment as set forth above. By this Amendment, claims 1, 2, 6, 7, 16, 44 and 45 are 
amended, claim 5 is canceled, and claims 13-15 are withdrawn. 

In the Office Action mailed August 24, 2006, the Examiner maintained rejection of: (i) 
claims 1, 2, 5-7, 1 1, 16, 17, 44, and 45 under double patenting, (ii) claims 1, 2, 5-7, 8 and 16 
under 35 U.S.C §112, first paragraph, for lack of enablement, (iii) claims 1, 2, 7, 8 and 16 under 
35 U.S.C. §112, first paragraph, for insufficient description, (iv) claims 1, 2, 5-7, 8, 16, 17, 18, 
44 and 45 under 35 U.S.C. §103(a). The Examiner also asserted her position on the status of 
claims 13-15 as withdrawn, and objected to the specification, the drawings, and claim 44 for 
various reasons. 

On October 24, 2006, Applicants filed a response to the Office Action of August 24, 2006 
along with Amendment 

On November 17, 2006, the Examiner issued an Advisory Action indicating that the reply 
filed October 24, 2006 failed to put the application in condition for allowance. 

Two issues were raised in the Advisory Action by the Examiner: (1) New claims 59 and 
60 introduce new matter and require additional examination under USC 1 12 and 103; and (2) 
The Affidavit or other evidence filed after a final action will not be entered because applicant 
failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is 
necessary and was not earlier presented. 

On December 1 1, 2006, Applicants communicated with the Examiner in an e-mail on the 
two issues raised in the Advisory Action as follows; 

(1) New claims 59 and 60 are directed to the same subject matter as original claims 5 and 
6, but with a scope being further limited (Claims 5, 6, 59 and 60 were attached in the Applicants' 
e-mail of December 1 1 , 2006 for making comparisons). Moreover, the limitations recited in new 
claims 59 and 60 are extracted from the data that already exist in the tables disclosed in the 
specification as originally filed. Therefore, based on the standard stated under 35 U.S.C. 132 and 
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MPEP 706.03(o), the amendment does not introduce new matter into the disclosure of the 
invention. 

(2) The scientific references cited in the Applicants' reply on October 24, 2006 were used 
to rebut the Examiner's assertions on the obviousness and her interpretations of the science 
described in the reference that she had referred to in her second Office Action. 

Applicants' arguments convinced the Examiner to reconsider the application and on 
December 18, 2006, the Examiner communicated with Applicants by telephone and an e-mail 
along with an attachment of a proposed claim amendment. The Examiner suggested Applicants 
file a Second Response After Final and include arguments for: (1) "the relationship of thrombin's 
structure to its function has been well-characterized in the prior art," and provide some 
references. "Thus, the art provides guidance that would enable the skilled artisan to make and 
use the genus of thrombin variants having at least 80% homology to SEQ ID NO: 3;" (2) 4t that 
the dramatic extent of synergy upon mutation of the two sites overcomes the obviousness 
rejection, (see MPEP 716.02(c) below);" and (3) "file a Terminal Disclaimer to overcome the 
double patenting rejection." 

Applicants Yery much appreciate the Examiner's professionalism and careful review of 
the present application, and in particular for the helpful guidance given to the Applicants. 

In response, as set forth above, a Terminal Disclaimer has been submitted, claims 13-15 
have been withdrawn, claim 5 has been canceled, and claims 1, 2, 6, 7, 16, 44 and 45 have been 
amended to conform to the Examiner's proposed claim amendment. Additionally, the 
specification has been amended according to the Examiner's suggestions in the Office Action of 
August 24, 2006. 

Support for the amendments set forth above can be found in the disclosure as originally 
filed. Applicant asserts that no new matter is added. 

It is now believed that amended claims 1, 2, 6, 7, 16, 44, 45, and pending claims 17-18 
are in condition for allowance at least for the reasons set forth below and such allowance is 
respectfully requested. 

The following remarks herein are considered to be responsive thereto. 



15 



PACE 19/52 * RCVD AT 1/18/2007 3:01:11 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-3/3 * DNIS:2738300 * CSID:4043644578 * DURATION (mm-ss):18-12 



Jan-1 8-2007 03:06pm 



Froni-MORRIS MANNING MARTIN 



4043644578 



T-272 P. 020/052 F-879 



Application No. 10/699,393 

Response Dated January 18, 2007 

Second Reply to Office Action of August 24, 2006 

Claim Set 

In the Office Action mailed August 24, 2006, the Examiner asserted that "the status of 
Claims 13-15 as 'original 7 is incorrect. The status of said claims is withdrawn." 

Applicants respectfully traverse the Examiner's assertion for the reasons that had been set 
forth in the prior response to the February 21, 2006 Office Action under the heading "Restriction 
Requirements." To advance the prosecution, however, Applicants have withdrawn claims 13-15 
from consideration for now as set forth in the above claim amendments. 

Specification Objections 

The Examiner also objected to the specification because the June 20, 2006 amendment 
stating "the disclosure of which is hereby incorporated herein in its entirety by reference 
introduced New Matter to the specification." 

In response, Applicants have amended the specification accordingly to overcome the 
objection. 

Drawings Objections 

The Examiner objected to Figs, 1-4 for <c being confusing. Neither said figures nor the 
legends thereto explain the labeling found in figures." 

Applicants have amended the Brief Description of the Figures to add legends to Figs. 1-4 
explaining the labeling found in the figures. The support for the Amendment can be found in the 
specification, for examples, on page 13, lines 25-27. Accordingly, Applicants respectfully 
request that the objection to Figs. 1-4 be withdrawn. 

Claim Ob jections 

The Examiner objected to claim 44 "for being dependent from a non-elected claim." 
Applicants have amended claim 44 to remove the dependency from a non-elected claim. 
Accordingly, Applicants respectfully request that the objection to claim 44 be withdrawn. 
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Claim Rejections Under Double Patenting 

The Examiner maintained rejection of claims 1, 5-7, 16, 17, 44 and 45 under the 
judicially created doctrine of obviousness-type double patenting as being unpatentable over 
claims 1, 5-7, 9, 10, 12 and 13 of the U,S. Patent 6,706,512- The Examiner also rejected claims 
2 and 18 as being unpantable over claims 2 and 11, respectively, of the U.S. Patent 6,706,512 for 
the same reason. 

Claim 5 has been canceled, which makes the obviousness-type double patenting rejection 
thereof moot. 

As is well established (see MPEP § 804.02), a timely filed Terminal Disclaimer maybe 
used to overcome such a rejection for each patent that is owned by the common assignee of the 
present patent application and each cited patent. 

Accordingly, the undersigned attorney of record submit herewith Terminal Disclaimer on 
the behalf of Applicants of the present patent application and cited patent. The Terminal 
Disclaimer is directed to the following patent: U.S. Patent No. 6,706,512. 

Claim Rejections - 35 USC S 112 First Paragraph 
Enablement and Written Description: 

The Examiner maintained rejection of claims 1, 5-7 and 16 under 35 U.S.C. §1 12, first 
paragraph, for lack of enablement, and rejected claims 2 and 8 on the same ground. Specifically, 
the Examiner asserted that "detennining which of all polypeptides having at least 80% homology 
to SEQ ED NO: 3 have the desired activity would require undue experimentation." 

The Examiner also maintained rejection of claims 1, 7, and 16 under 35 U.S.C. §1 12, first 
paragraph, for insufficient description, and rejected claims 2 and 8 on the same ground. 
Specifically, the Examiner asserted that "the polypeptides encompassed by the recited genus have 
any or no activity." 

Claim 5 has been canceled, which makes the § 1 12 rejection thereof moot. 

Applicants respectfully traverse both the enablement and insufficient description 
rejections as the relationship of thrombin 's structure to its function has been well- 
characterized in the prior art and thus, the art provides sufficient guidance that would enable 
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the skilled artisan to make and use the thrombin variants having at least 80% homology to 
SEQlDNO:3or4. 

For instance, Banfield et al. aligned the amino acid sequences of the nine vertebrate 
thrombin B chains with the previously published sequences of human and bovine thrombin B 
chins, and reported that "[t]he overall amino acid sequence identity in this region of 
prothrombin is 43.3% between the 11 vertebrates; when conservative changes are included, 
the overall amino acid sequence similarity increases to 74.6%" See Banfield et al. Partial 
characterization of vertebrate prothrombin cDNAs: amplification and sequence analysis of the B 
chain of thrombin from nine different species. Proc. Natl. Acad. Sci 1992, Vol. 89, p 2779-2783 
(Exhibit B, page 2782, left column, lines 10-14). The locations of insertion loops that interact 
with substrate, hirudin and thrombomodulin are also identified (Supra, Pig. 2, boxes A-D). 

Moreover, studying evolution of prothrombin, Banfield et al. reported that chicken and 
hagfish prothrombin share 51 .6% amino acid sequence identity, and both chicken and hagfish 
prothrombin are structurally very similar to human, bovine, rat, and mouse prothrombin and all 
six species share 41% amino acid sequence identify. See Banfield et aL Evolution of 
prothrombin: Isolation and characterization of the cDNAs encoding chicken and hagfish 
prothrombin. Journal of Molecular Evolution. 1994, Vol. 38, No. 2, pi 77- 187. Abstract (Exhibit 

Q- 

Furthermore, Suzuki et al. published an article on "localization of thrombomodulin- 
binding site within human thrombin," which is relevant to the protein C activation activity of 
thrombin. See Suzuki et aL J Biol Chem. 1990, Vol 5; 265(22):13263-7. Abstract (Exhibit D) 

In addition, Petretski et al. discovered at least two forms of thrombin-like enzymes from 
snake B. atrax, which could transform mammalian fibrinogen into fibrin fibers, activate clotting 
factor V and plasma protein C, etc. These two forms of enzymes share 80% N-terminal sequence 
homology with the thrombin-like enzyme described for A moojeni. See Petretski et al. Two 
related thrombin-like enzymes present in Bothhrops atrox venom. Braz J Med Biol Res, 2000, 
Vol. 33(11) 1293-1300, Introduction section (Exhibit E). 

In particular, the amended claim 1 recites "wherein the variant thrombin has a PA/FC 
ratio greater than 1.0," which requires the proteins encompassed by the scope of the claimed 
invention have activity. 
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Since the relationship of thrombin's structure to its function has been well-characterized 
in the prior art, and the specification of the application further teaches the notion of PA/FC ration 
greater than 1.0, there is sufficient guidance that would enable the skilled artisan to make and use 
the invention claimed in claims 1, 2, 6, 7, 16-18, 44 and 45 at the time when the application was 
filed, 

Accordingly, Applicants respectfully request the 35 U.S.C. §112, first paragraph, 
rejection under enablement and written description be withdrawn. 

35 U.SC §103 Rejections 

In the Office Action of August 24, 2006, the Examiner maintained rejection of claims 1, 
5-7, 16, 17, 44 and 45 under 35 U.S.C. §l03(a) as being unpatentable over Gibbs et al., 1996 in 
view of Arosio et al., 2000 or Ayala et al., 2001. The Examiner also rejected claims 2 and 18 as 
being unpatentable under 35 U.S.C. §103(a) as being unpatentable over Gibbs et al., 1996 in 
view of Arosio et al., 2000 or Ayala et al,, 2001 for the same reason. 

Claim 5 has been canceled, which makes the obviousness rejection thereof moot. 

Applicants respectfully traverse the Examiner's obviousness rejection. MPEP §7 16.02(c) 
states that "fejvidence of unexpected results must be weighed against evidence supporting 
prima facie obviousness in making a final determination of the obviousness of the claimed 
invention. 79 [Emphasis added] 

In the instant case, the invention E217A/W215A possesses unexpected synergistic 
properties as shown in the attached Exhibit A. The dramatic extent of synergy upon mutation of 
the two sites overcomes the obviousness rejection. See MPEP supra. 

Accordingly, the claimed invention is non-obvious over the Gibbs in view of Arosio. 
Therefore, Applicants respectfully request the 35 U.S.C. §103 rejection be withdrawn. 

Replies to the Examiner's Assertions 

In rebutting the Applicants' arguments for nonobviousness, the Examiner made the 
following assertions: 
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(A) Neither Gibbs et al. nor Arosio et al. are required to disclose a thrombin variant 
having both W215A and E217A, since this is a rejection under 35 U.S.C. 103(a), 

(B) Arosio's "statement does not teach away from looking for additional single or 
multiple mutations that produce a thrombin variant that has even better anti-coagulant activity," 
or <6 teach away from making a double W215A-KE217A mutant, or any other mutant," and 
"[m]oreover, Arosio et al. teach that further studies are necessary to identify more precisely the 
epitopes for protein C binding and that the penultimate (S-strand of thrombin's B chain, which 
includes residues 215-217, represents an important target for future mutagenesis studies." 

(C) The "synergistic effect is not unexpected" and that "many enzymes have allosteric 
sites that act synergistically in both the activation and inhibition of the enzyme.** Citing Metzler 
etal(2001). 

(D) "The skilled artisan would know that it is the ratio of protein C activity to fibrinogen 
clotting activity (PC/PF), not the absolute protein C activity, that determines whether the action 
of thrombin will be primarily anti-coagulation, via the activation of protein C, or procoagulalion, 
via cleavage of thrombin (Arosio et at pg 8095, pargl)/' 

Before replying to the Examiner's aforementioned points (A)-(D), Applicants want to 
direct the Examiner's attention to the MPEP rules on the 35 U.S.C- 103 as it will be the basis of 
the Applicants* reply. 

MPEP states that when applying 35 U.S.C, 103, <c the references must be considered as a 
whole and must suggest the desirability and thus the obviousness of making the combination 
and "[t]he references must be viewed without the benefit of impermissible hindsight vision 
afforded by the claimed invention' 9 See §2141, (Emphasis added.) 

MPEP further states that suggestion or motivation to modify the references must meet, 
among others, the following requirements: 

L The prior art must suggest the desirability of the claimed invention; 

H The mere fact that references can be combined or modified does not render the 
resultant combination obvious unless the prior art also suggests the desirability of the 
combination; and 

DDL A statement that modifications of the prior art to meet the claimed invention would 
have been "well within the ordinary skill of the art at the time the claimed invention was made*' 
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because the references relied upon teach that all aspects of the claimed invention were 
individually known in the art is not sufficient to establish a prima facie case of obviousness 
without some objective reason to combine the teachings of the references, See §2143,01, 
(Emphasis added.) 

Applying the MPEP rules, Applicants hereby address each point raised by the Examiner 
in the Final Office Action regarding the motivation to combine and the unexpected properties of 
the claimed invention as follows: 

(Reply A): The claimed invention is directed to a variant thrombin comprising an 
amino acid sequence having the substitutions W215A and E217A. The invention 
E217A/W215A possesses unexpected synergistic properties as shown in the attached Exhibit A, 
Neither the primary reference nor the secondary reference provides the motivation to combine 
the references to do what the invention has done. 

In the First Office Action dated February 21, 2006, the Examiner asserted that: 

"[i]t would have been obvious to a person of ordinary skill in the art to combine the 
teachings of Gibbs with Arosio to prepare a thrombin variant comprising both W215A 
and E217A substitutions. Suggestion to do so is provided by Arosio et al, wherein they 
state that W215 and E217 are known to be important for thrombin function. 
Furthermore, suggestion and motivation to combine is based on the skilled artisan 's 
desire to provide a thrombin variant with enhanced protein C activation and decreased 
fibrinogen cleavage" (Emphasis added) 

See First Office Action, page 13. 

In the Final Office Action dated August 24, 2006, the Examiner shifted the basis of 
motivation after Applicants had responded by pointing out that the combination ofE217A and 
W215A produced a decreased, rather than enhanced protein C activity. The Examiner then 
alleged that <4 tbe skilled artisan would know that each mutation produces a thrombin variant 
having enhanced anti-coagulation activity, [or enhanced ratio of protein C activity to fibrinogen 
clotting activity].*' See Final Office Action, page 10. 

Applicants respectfully submit that if the motivation to combine the two references were 
really that obvious as the Examiner alleged, the Examiner would have asserted the motivation 
based on the skilled artisan 's desire to provide an enhanced PC/PF ratio at the first place, 
rather than alleged u the skilled artisan 's desire to provide a thrombin variant with enhanced 
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protein C activation. 77 The Examiner would not have to scramble to calculate the PC/PF ratio in 
each cited reference after Applicants had brought the experimental results of the invention to the 
Examiner's attention in the prior June 20, 2006 response to the First Office Action. 

Accordingly, even if "the skilled artisan had the desire to provide a thrombin variant 
with enhanced protein C activity and decreased fibrinogen cleavage," as alleged by the 
Examiner, the skilled artisan at the time the invention was made would not have understood that 
Arosio teaches, suggests, or provides a motivation to combine the W215A with the E217A to 
arrive at the claimed invention. 

(Reply B): Arosio '$ statement that "further studies are necessary to identify more 
precisely the epitopes for protein C binding 17 cannot be a teaching or suggestion or providing a 
motivation to do this by introducing W215A into the primary reference's E217 because Arosio 
concluded that u the environment of W21S of thrombin is not significantly involved in the 
binding of protein C." Thus, skilled artisan in the field at the time the invention was made 
would not have understood Arosio f s teaching as a suggestion to introduce W21SA into E217A 
in order to identify more precisely the epitopes for protein C binding. 

Further, Arosio's statement that "[fjuture studies are necessary to identify more precisely 
the epitopes for protein C and PAR-1 binding, and that [t]he penultimate R-strand of the B chain 
hosts highly conserved residues such as W215 and G216 whose mutation affects both the 
specificity and catalytic activity of the enzyme, and that this region represents an important target 
for future mutagenesis studies" is not the same as teaching, suggesting or providing a 
motivation to further substitute E21 7 on the top of W215A, which is required by the present 
invention. 

Also, Arosio's statement that "[t]he differential effect on binding of fibrinogen and 
protein C makes the W215A mutant the best anti-coagulant thrombin reported to date" is not the 
same as suggesting or teaching to further combine W21SA with E21 7 A. 

Furthermore, Arosio's statement that "the gain in anti-coagulant potency is larger [for the 
W215A mutant] than that of the E217 A mutant** is not the same as suggesting, teaching, or 
motivating to do W215A/E21 7 A as the Applicants have done. 

Moreover, obviousness cannot be based on mere speculation or conjecture. Arosio et al/s 
explanation for the effects seen in the W215A mutants "that perturbation of residue 215 
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propagates to the neighbor residues G216 and E217, producing changes in the access to the Si 
site and reduce Na+ binding" is not the same as teaching or suggesting or providing a 
motivation to the skilled artisan to further introducing the W21SA into the E217in order to 
make a double mutant E21 7/W215A. 

(Reply C): Applicants respectfully submit that the Examiner not only erred in making 
impermissible hindsight vision, but also erred in over-simplifying the complexity of cooperative 
changes in Enzymatic conformation here. 

The life science/Biotechnology being in the area of unpredictable art> a synergistic 
effect cannot reasonably or necessarily be expected from allosteric sites. According to Metzler, 
cooperative phenomenon is more complex than many models having been proposed. E.g. see 
page 349, left column, second paragraph; and page 476, right column, last paragraph. 

Allosteric interactions do not necessarily lead to synergy. Metzler does not teach that 
the allosteric sites of enzymes act synergistically in both the activation and inhibition of the 
enzyme. On the contrary, Metzler teaches that allosteric interactions "lead to cooperativity or 
anticooperatmty in binding. " (Emphasis added.). See Metzler, page 476, right column, third 
paragraph. 

Even if given the benefit of the doubt that the allosteric interactions were only 
cooperative in Enzyme activity, the cooperativity is by no means synergy. Metzler teaches that 
cooperative binding of substrates to enzymes is analogous to that of cooperative binding of 
oxygen by hemoglobin, McLennan reported that Hemoglobin has three allosteric sites, and their 
interactions are non-synergistic but are simply additive. See attached Abstract {Biochemistry 
and Molecular Biology International, Vol. 44, No. 1, pages 175-183, 1998) (Exhibit F). Rao 
G.S. reported that Ascaris suumphosphofructokinase has two allosteric sites, one for fructose 
2,6-biphosphate and one for AMP, and that their effects on the enzyme are additive and not 
synergistic. See attached Abstract (Archives of Biochemistry and Biophysics, Vol. 365, No. 2, 
pages 335-343(9), 1999) (Exhibit G). 

The foregoing examples sufficiently demonstrate that the life science is unpredictable art 
and that results from experimental manipulations at the molecular or genetic level are not always 
obvious or predictable for skilled artisan in the field. Thus, the Examiner's assertions that 
allosteric sites act synergistically were not scientifically correct. 
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(Reply D): Having acknowledged (again, after the Applicants had pointed it out in the 
prior response mentioned above) that each of single mutant W215A (Arosio et aL; Table 1) and 
E217A (Gibbs et al; Table 1) had a decreased Protein C activity, the Examiner then alleged that 
t4 the skilled artisan would know that it is the ratio of protein C activity to fibrinogen clotting 
activity (PC/PF), not the absolute protein C activity, that determines whether the action of 
thrombin will be primarily anti-coagulation, via the activation of protein C, or procoagulation, 
via cleavage of thrombin (Arosio et al, pg 8095, pargl)." 

Applicants respectfully submit that Arosio does not teach that "it is the ratio of protein C 
activity to fibrinogen clotting activity (PC/PF), not the absolute protein C activity, that 
determines whether the action of thrombin will be primarily anti-coagulation, via the activation 
of protein C, or procoagulation, via cleavage of thrombin." is Applicants who teach the ratio 
ofPA/FC in the specification. See the specification, page 16. Applicants respectfully submit 
that the Examiner was committing an error in making impermissible hindsight here. 

Furthermore, the art does not teach it is the ratio PC/PF that determines whether the 
action of thrombin will be primarily anti-coagulation, via the activation of protein C, or 
procoagulation " The art teaches that Thrombin is an allosteric enzyme existing in two forms, 
slow and fast. The two forms are significantly populated in vivo, and the allosteric equilibrium 
can be affected by the binding of effectors and natural substrates. The fast fonn is procoagulant 
because it cleaves fibrinogen with higher specificity; the slow form is anticoagulant because it 
cleaves protein C with higher specificity. See Attached Dang et al. (Abstract, PNAS, Vol. 92, 
5977-5981, 1955) (Exhibit H), 

Thus, it is the allosteric equilibrium, or the ratio of specificity to cleave Protein C (Le., 
slow form) to specificity to cleave fibrinogen (Le.,fast form), that decides whether the net 
effect of thrombin in vivo is aniticoagulation or procoagulation. 

Even if the Examiner's allegation "the skilled artisan would know that it is the ratio of 
protein C activity to fibrinogen clotting activity (PC/PF), not the absolute protein C activity, that 
determines whether the action of thrombin will be primarily anti-coagulation" were scientifically 
sound, the skilled artisan still would not know to combine references to arrive at the claimed 
invention because the cited references do not provide the motivation to do so. 
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Accoidingly, the claimed invention is non^bvious over the Gibbs in view of Arosio. The 
unexpected synergistic results found by the Applicants should not be created lightly and 
dismissed causally by the Examiner. Neither the primary reference nor the secondary reference 



Thus, Applicants respectfully request that the obviousness rejection be withdrawn. 

Any amendments to the claims not specifically referred to herein as being included for the 
purpose of distinguishing the claims from cited references are included for the purpose of 
clarification, consistence and/or grammatical correction only. 

It is now believed that the application is in condition for allowance and such allowance is 
respectfully requested. 



Applicants respectfully submit that the foregoing Amendment and Response place this 
application in condition for allowance. If the Examiner believes that there are any issues that can 
be resolved by a telephone conference, or that there are any informalities that can be corrected by 
an Examiner's amendment, please call the undersigned at 404-495-3678. 



MORRIS, MANNING & MARTIN, LLP 

1600 Atlanta Financial Center 

3343 Peachtree Road, N.E. 

Atlanta, Georgia 30326-1044 

Phone: 404-233-7000 

Direct: 404-495-3678 

Customer No. 24728 



provides the motivation to combine the references to do what the invention has done. 



CONCLUSION 



January 18, 2007 



Respectfully submitted, 
MORRIS, MANNING^ MARTIN, LLP 




Tim Tingkang Xia 

Attorney for Applicants on the Record 
Reg. No. 45,242 
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Exhibit A 



The invention Shows Synergistic Results 

(From Tables 1 and 2, see Specification, pages 48 and 50) 



Property 


E217A 


W215A 


WE 


PA/FC* 


40.06 


170 


2865 


Fibrinogen 


0.27 


0.034 


0.00089 


Fibrin 


0.15 


0.053 


0.0021 


Protein C + TM 
k^K™ (nM-V 1 ) 


0.14 


0.075 


0.033 


PARI 

k^K,,, (nM-V 1 ) 


0.66 


1 


0.026 


Antithrombin in 


1 


0.56 


0.0040 



*The PA/FC here are calculated from the data shown in Tables 1 and 2. The term "PA/FC ratio" as used herein 
refers to the ratio of the percent of wild-type protein C activation (PA) activity remaining in a thrombin variant 
relative to the percent of wild-type fibrinogen clotting (FC) activity remaining in the thrombin variant. A value of 
PA/FC greater than 1.0 indicates that the thrombin variant has reduced procoagulant fibrinogen cleavage activity 
relative to the residual anticoagulant activity resulting from protein C activation. See Specification 16. 



Comparative Data Between Cited References and the Invention 



Property 


The Primary Reference 
E229A(E217A) 


The Secondary Reference 
W21SA 


The Invention 
WE 


PA/FC* 


19.1 


170 


2865 
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Biochemistry 

Partial chaupactt©irizfflfta©im of vertebrate pTOtlhromMim cBNAs: 
thiPoinaMn ffroina iMsa<s dl51BF@ir@nnt species 

David K. Banfibld and Ross T. A. MacGilliyray* 

Department of B**l*mistry, Uarveraity of Briti*& Columbia, Voncouver, V6T 1W5 T Canada 
Communicated by Earl W. Onvie. September 20, 1991 



ABSTRACT Tks dftNA ra^mcsm afffeB dfrrtR off toao 
fota (EC 3,4,21,5) toss Btsso toemtesril 0?ra nfea veollskrcto 
sgsriao (raS, g&oua, rabbit, ctoto, $a£io, raesTO, irtMcc^ 

tlttss vary from §&5% (raft VD. ESPC») to $2.£% (cswft VO. 
taogSsh). Otf tits 24® erfoo CSfato gtms^l to dB ti& spatfso 
fiffisapGS^ Hb<sro Gs Kleatity at HM> (4S.&£>) pc^ato. 
GKfls&rvative ctoctingeo aire? tedWtd, tJfos rrf^ es££ cfcfcrf3y 
fapcomsa so 7Ste* Tfcz mast c©££2trm3 psrtfcg ©J te © efceia 
ore tics active-site re^flnsss os2fi o^Joeesflt oonllB© cfifc2iig fits 1$ 
Crap* Eis^l tbe GWtaoFy ssfisatar^fefiittilteg tf£g£a$v Gs> cM£3£aa, 
tfce Arg-GDy-Asp nstuM b coDssrwd lb 9 C? Gte Ml qpst&s 

TOgtwia off tits IB cfcifa cJMTe^MKisaa to rorfcsG tecgra, fowScxfcg 
t£# pwftoatve t£gcmfei>TO^^T>^MS^ dflso erf os 0? to 

^bBmChr lfly 88tf3 GELS GOE23ffVEtf£B3l 0^ Pltf^y Ct? £bE^ESS&- 

Ej/ssycctprcll csKsfii^ Essgrjizstip ijfiiott, Sia EskSfltaj to (Hfcstor Wt2$ Ba 
m5hi3 coqp&^So^Dp wMfitoiCG ttEwobfaJS cooy o£s» pSay as 
wtSa ta fifes ©2C£Kfdl s&wfcosfcBS ©? ^7©Dsd iropsfcr. 



The final reaction of the coagulation pathway is the conver- 
sion of fibrinogen to fibrin by she serine protease thrombin 
(EC 3,4.21.5) (1, 2). In mammals, thrombin is generated from 
its zymogen, prothrombin, by the limited proteolytic action 
of factor Xa in the presence of factor Va, calcium iofls, and 
phospholipid (2). In addition, thrombin also activates/ 
inactivates other coagulation factors such as factor XIII, 
factors V and VIII, and protein C The anticoagulant activity 
of thrombin is regulated through the interaction of thrombin 
with thrombomodulin <2, 3), an endothelial cell membrane 
protein related in structure to the low density lipoprotein 
receptor (4). While thrombomodulin likely binds to thrombin 
by an exposed surface loop, the precise binding site has yet 
to be resolved (5, 6). The thrombin/thrombomodulin com- 
plex activates protein C, which in the presence of protein S 
then degrades factors Va and Villa (2). 

The enzymatic activity of thrombin is regulated by the 
endogenous protease inhibitor antithrombin III (2). Throm- 
bin is also inhibited by protein inhibitor? from nonplasma 
sources such as hirudin, from ihe European medicinal leech 
(7). The substrate specificity of thrombin is similar to that of 
trypsin, cleaving after baste amino acid residues (8). How- 
ever, thrombin has a more restricted substrate range than 
trypsin. The molecular basis of this restricted substrate 
specificity is still unresolved but is thought to be the result of 
interactions of the substrates with secondary binding sites 
distant from the active site (9, 10). 



Tfte publication costs of this article were dermyed m part by page crmrrje 
payment, Thit article roust therefore bz hereby marked "advertisement" 
in accordance with 18 U.S.C. 6IW soUly to indicate this feet. 



Thrombin is also a potent stimulator of tissue plasminogen 
activator release from endothelial cells (11), and various 
forms of thrombin are chemotactic for monocytes and neu- 
trophils (12-14). This chemotactic activity is blocked by 
binding with hirudin or antithrombin 01 (15). For monocytes, 
the chemotectic activity has been localized to residues 334- 
3$9 of thrombin (16). In addition to having chemotactic 
activity, this polypeptide sequence induces differentiation of 
certain macrophage Kites (17). Thrombin also contains an 
Arg-Cly-Asp iripeptttte analogous to the adhesion site in 
adhesive proteins such as lamfain, fibronectm, and fibrinogen 
and is a possible site through whfch thrombin binds to 
receptors (18). The met that thrombin possesses these addi- 
tional bporegulatory and growth-stimulating activities sug- 
gests it may also play an important role in the wound healing 
process as well as fibrinolysis. 

Thrombin consists of two polypeptide chains joined by a 
disulfide bond. The A chain (49 amino needs in boviaes and 
36 in humans) has no known function. The B chain (259 amino 
acWs in both humans and bo vines) is structurally similar to 
other serins proteases (9 t 10). When the amino add sequence 
of the thrombin B chain is aligned with that of. bovine 
chymotrypsin, amino acid sequence insertions in the B chain 
are found at axon junctions (19). The crystal structure of 
human ^thrombin has placed these amino acid insertions on 
the surface of the protein (20). Crystal structures have now 
been described for human o-thrombin (20) as well as the 
thrombin/hirudin complex (21, 22). The solution of the 
crystal structure of thrombin should facilitate the identifica- 
tion of regions on the surface of the protein chat are poten- 
tially involved in protein-protein interactions. 

Amino acid sequence data from homologous protein* in 
divergent species can provide valuable insight into the amino 
acid residues involved m active-site/substrate specificity, 
protein-protein interactions, and species-specific differences 
in biological processes. To examine the structural constraints 
during the evolution of prothrombin, we have used the 
polymerase chain reaction (FCR) (23, 24) to amplify and 
characterize approximately SCO base pairs (bp) of thrombin 
£-chatn sequence from nine vertebrate species, t 

MATERIALS AN© METEOB® 

SompBe CoQtoctfrca. Liver samples from rat (Raws nor* 
wegicus), mouse {Mas masculus), rabbit {Oryctolagus c«- 
niculus), Chicken {Gall&s gallus), gecko (Gekko gekko). Jap- 



Abbreviation; UTS, untranslated sequence. 

"To whom reprint requests should be addressed. 

fTbe sequences reported in this paper have been deposited in the 
GenBanft data base (accession DOS. M&139J for Callus gollus. 
MBU92 for Gekko gaMo, M8l3$3 for Eptat re tus nouit, MB1394 for 
Muj mUSCUlus, M&Jfc* for Cynopi pyrogastor, M81395 for Or><s 
lolagus cttnicalus* M81397 for Rams norvegiat^ M81398 for 
Qncorhynchus mykiss, and M81399 tMActptnScr transmontaausy. 
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TpWc 1. Seven primers for amplifeMkm and sequencing of vertebrate thrombin B-chain cDMas 
Primer Sequence Amino acids spanned* 

Th3 5'-CAGCTGCTGTGTGGGGCCAUCCTCATCAG-3' 347-355 

Th4 $'-GCCTTCTAACCAGCACGAACAT-3' 5O2~503 

Th7 5'-45CGCACCTTGGCAG(»TGATG-3' 333-340 

ThlO 5'-AAGGCCCTCTGACTCCC/ATCCC&-3' 

ScrlT S'-ACAAAACCTTGA/AICGICCICCIC/GT/AA/GTClCC-a' 32W32 

Hisll 5'-ACACAATTCTGGCGTlC/CTIACICCICCICAC/rrG^3' 360-367 

TitxSP 5 / -ACACT^CAGGAGCTCT(TAGATTrTTT^TTrrTTTtTT-3 < 

* Amino acid sequence numbering is based on human prothrombin (26). 

t Adapted from ref. 28. The letter I in primer* Serl and Hisl represents dcoxymosinc. 



anese flre-btHied newt {Cynops pyrogastar), rainbow trout 
{Oncorhynchu* mykiss), and sturgeon {Aclpwer trarumon- 
tanus) were generously provided by colleagues at the Uni- 
versity of British Columbia, Hagfish ffiuatretos stouti) were 
purchased from Scacology (Vancouver). 

RNA tototfaa. Total cellular BN A was isolated from fresh 
or previously froaen liver samples by using the acid phenoj 
extraction procedure as described by CbotncgynsEri and 
Sacchi (25). 

©Rf^mscteo^dO Vw®&mm DEtd .IDsartga, Oligonucleotides 
were synthesized on an Applied Ecosystems model 3808 or 
391 DNA synthesizer. Primer sequences were selected after 
alignment of cDN A sequences from human (26), bovine (27), 
and chicken (unpublished data) prothrombin. A total of five 
oligonucleotides spanning approximately 240 amino acids of 
the 8 chain of thrombin were used for the amplification of all 
vertebrate cDNA fragments with the exception of hagfbh 
prothrombin (see Table 1). Hagfish prothrombin cDNA frag- 
ments were amplified by using the degenerate inosine- 
cotttaming primers Seri and Hisl (28). 

Ifreparate off Sig^DoSttrOBdedl cBflA. Single-stranded 
cDNA was prepared as described (29) by using the oligonu- 
cleotide T 17X $p (see Table 1) as the primer. Reaction mixtures 
were incubated at 37°C for 1 hr, diluted to 200 ^ with sterile 
distilled water, and stored at -2CTC. 

PCR reactions were performed as described (24), 
using 1-2 units of Thermu* aqutflcus {Tag) DNA polymerase 
(Pertdn-IlmCT/Ceius), and 2-5 ng of cDN A in 50-^1 reaction 
mixtures. 

Ssquesse HJ^flfcraaiEESSoo off cB&A EVegEssaiiiD. 

After amplification, PGR samples were made brant-ended 
with the Klenow fragment of Escherichia coil DNA poly- 
merase I (30). The amplified blunt-ended DNA was ligaied 
into the HlncU site of pUC19. A minimum of four indepen- 
dent PGR products were sequenced from each species ex- 
amined. 

NucCste AcSd iawfl Amiao Aetd SeqBemec AadysfeJ- Sequence 
data were analyzed with the Delaney.DNA sequence program 
(Delaney Software, Vancouver). Amino acid sequences were 
aligned by using esee (31). 

W TfiS TMO Th4 T17XSP 

> ii ' lAAAMn 



PCR REACTIONS 

/ \ \ 

SP&CIES A SPECIES 8 SPECIES C 

CLONE AND SEQUENCE 

Flo. 1- Amplification strategy. The positions of the oUgnnucle- 
otirfc primers used u> amplify and sequence portion* of the 8-chain 
Of vertebrate tnrom&in (see Tabic i). 



RESULTS 

AnnpMftratiOft <o£ TfcmaSjfin IM^mJa aBNA IFmgis^atis. Am- 
pliftcatton of single-stranded cDNA with primers Th7 and 
Tux?? produced a fragment of a Sft0 bp in all species exam- 
ined except the hagfish (data not shown). Amplification of 
single-stranded cDN A with primers Th7 and Th4 produced a 
fragment 500 bp in length, and amplification with primers 
ThlO and Ti7*sp yielded afraarosnt 300 bp in length (see Fig. 
1). Amplification using the Serl and Hisl primers produced 
fragments of **>5uD bp. This product represents a number of 
different trypsin-l&e serine protease cDNA fragments (28), 
including prothrombin (see Table 1). 

Saqrarsft AaeOyc^ An^ltoa cB>NA FrcnzseaSS. With the 
exception of the fragments that were amplified by using (he 
degenerate oiigonuclcoUdes, all amplified cDNA fragments 
contained a single species. Prothrombin cDNA firagsrefUs 
were identified by direct sequence analysis (32) and align- 
ment of DNA and amino acid sequences with either human 
(26) or bovine (27) sequences . To identify the cDNA fragment 
corresponding to hagfish prothrombin, the Serl and Hisl 
oligonucleotide primers were used. Several of the 5C0-bp 
fragments amplified by using these primers were cloned and 
their sequences were determined. Udentification of the cDNA 
corresponding to the B chain of thrombin was based on the 
presence of amino acid residues TVT-Pro-Pro-Trp. This se- 
quence represents the 3 loop of thrombin (19). Among 
proteases, the J3 loop is unique to thrombin. The fragment 
corresponding to the B chain of hagfish prothrombin spanned 
the region from the active site histidtne to the active site 
serine for a total of 161 amino acid residues. 

On completion of sequence analysis, the portion of the B 
chain corresponding to residues 344-579 of prothrombin bad 
been determined for each of the nine species. While the 
lengths of the coding sequences are similar m all the species 
examined (see below for the exceptions), the fcength Of the 3' 
untranslated sequence (UTS) is quite heterogeneous. The 
length of the 3' UTS varies from 82 nucleotides in the. trout 
and sturgeon to 1145 nucleotides in chicken, with the major- 
ity being ^SO-100 nucleotides (sec Table 2). With the ex- 
ception of the mouse and rat B chains, there are no significant 
regions of nucleotide sequence identity among any of the 

Table 2. Length of thrombin IB-chain coding sequences find 3' 

UTS for the nine species 

Length, nucleotides 



Species Coding sequence 3' UTS 



Rat 70S 115 

Mowc 70S 114 

Rabbit 705 121 

Chicken 702 X 54/U45 

Gecko 705 224 

Newt 705 10$ 

Rainbow trout 7l7 B2 

Sturgeon 702 82 

Hagjjj 708 407 
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Biochemistry: Banfield and MacGillivray 

species compared, excluding the polyadenylylatioo consen- 
sus sequence AATAAA, While this study was in progress the 
cDNA sequences of rat (33) and mouse (34) prothrombin 
were published. The sequences determined by PCR in this 
study are identical to these published sequences. 

Amino Add Sequence Alignment*- The predicted amino 
acid sequences of the nine vertebrate thrombin B chains arc 
aligned with the previously published sequences of human 
(26) and bovine (27) thrombin B chains in Fig. 2. The length 
of this portion of the B chain is relatively invariant; only a 
single amino acid insertion is present in some species at 
position 472 (Fig. 2, box D)> The amino add residue at 
position 472 is absent from chicken, newt, gecko, rainbow 
trout, sturgeon, and hagMsh thrombin. In addition to the 
variability at position 472, there is variability in the compo- 
sition and length of the C terminus (see Fig. 2). The amino 
acid sequences surrounding the active-site residues His-363, 



Proc. Natl. Acad. Set. USA 89 (1992) 2781 

Asp-419, and Ser-525 are conserved in all 11 species (see Fig. 

2) . All of the eight tryptophan and seven cysteine residues 
seen in the human B -chain sequence are conserved in each of 
the species examined. Ten of the 12 prolines are ajso con- 
served. When the 240 amino acids of the B chain from the 11 
different species are aligned, there is amino acid sequence 
variation at 130 positions (54%). 

DISCUSSION 

We have amplified, cloned, and determined the DNA se- 
quences of the majority of the B chain of thrombin from nine 
different vertebrate species. Comparisons of amino acid 
sequences with those of previously characterized portions of 
human and bovine prothrombin suggest that thrombin is 
highly conserved throughout vertebrate evolution (see Table 

3) , Amino acid sequence identies range from 96,5% (between 
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F)c. 2. Amino acid sequence alignment of vertebrate thrombin B-chain sequences. All of the aligned amino acid sequences were predicted 
from the translation products of the cPNA sequences. Amino acid sequence numbering is based on human prothrombin (26). Residues identical 
to the human sequence are indicated by a dash* The ♦ above the human sequence identities amino acid residues identical in all 11 species. Amino 
acid substitutions are as indicated, and the deletion at position 472 in some species is marked by an ». The active-site His, Asp, and Ser residues 
are marked by the nturOw boxes. Ajyow* above the human sequence indicate the position <4 Am-3*2 r A/g-4l8, and Oly>558 (see text ford<?twte)- 
Por descriptions of residues bounded by boxes A, B, C, D, and 6, see text, The broken lines refer to positions represent ins either conserved 
regions (CR) or variable regions (VR) w described py Furie ci *W. (19). 
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Biochemistry: Baitfield and MacGUUvray 

Table 3. Percent amino acid sequence identity among vertebrate thrombin P-chains 



Proc. Natl. Acad, Sci. USA 89 (1992) 







Rbt 


B 


C 


G 


N 


RTr 


S 


Hgf 


Human 


88.5 69.8 


85.1 


87.3 


72.2 


72.8 


70.2 


6S.6 


65.0 


65.3 


Rat 


M.5 


82.6 


86.0 


71.4 


73.2 


68.5 


68.5 


65.5 


63.8 


Mouse 




83.0 


86.4 


71.4 


73.2 


68.5 


69.4 


65.0 


64.7 


Rabbit 






82.6 


73.1 


71.9 


68.9 


66.4 


64.1 


64.1 


Bovine 








72.2 


72.3 


68.5 


68.8 


65.0 


64.0 


Chicken 










77.8 


73.5 


72.2 


72.2 


65.8 


Gecko 












71.1 


70.2 


70.1 


69.4 


Newt 














69.4 


69.2 


62.6 


Rainbow trout 
















82.5 


68.6 


Sturgeon 


















65.2 



Percent identity daia was generated with fauok OtiteSiGenctics) 
open sap - 5; unit gap 50. R. rat; M. moose; KM, rabbit; B, bovine; 
RTr, rainbow trout; S, sturgeon; Hgf, newish. 



using the strttctdrc-gencric matrix, 
:; C« chicken; G v ceeko; N, newt; 



mouse and rat) to 62.6% (between newt and hagSrsh)* Throm- 
bins from mammalian species share greater than 82% amino 
acid sequence identity. The percent identity is much lower 
among the rton mammalian species (66% average). Rainbow 
trout and sturgeon share 82.5% amino acid sequence identity ; 
this is 10% more identity than cither shares with any of the 
other nine species. This high amino acid sequence identity 
may reflect a slower rate of nucleotide sequence change in 
fish or constraints on the B chain through interactions with 
other proteins involved in hemostasia The overall ammo acid 
sequence identity in this region of prothrombin is 43.3% 
between the 11 vertebrates; when conservative changes are 
included, the overall amino acid sequence similarity in- 
creases to 74.6%, 

Hie specificity of thrombin for its substrates is likely 
determined by its insertion loops (10, 19. 20). The locations 
of these insertion loops are indicated in Fig. 2 and correspond 
to the VR regions defined by Furie * t aL (19). A number of 
the loop segments are similar to those off caymottypsin but 
contain additional residues, which alter the overall three- 
dimensional structure of the region (20). Several the loop 
structures in the B chain of thrombin have been implicated in 
interactions with substrate (boxes A and C and the first four 
residues of box Din Fig. 2) and as sites of interaction with 
hirudin (box B in Pig. 2) (21, 22) and thrombomodulin 
(residues 382-392; see box B and box D in Fig. 2) (5, 6). With 
the exception of the B loop, corresponding to residues 
365-369 (box A in Fig. 2), and the loop highlighted by box C 
(Fig. 2), all loop structures have highly variable amino acid 
sequences. This variability in surface loop amino acid se- 
quence may contribute to some of the species-specific dif- 
ferences observed between thrombin and ^rinogen (35-37). 

The human thrombin B chain contains a region with growth 
factor and cbemotactic activity in vino (16, 17). This chemo- 
tactic/growth factor domain corresponds to residues Leu-335 
to Met-4CD of prothrombin (see Fig. 2). In addition to the 
chemotactic/growth factor activity attributed to this region, 
residues 335-400 also contains the B loop (box A in Fig, 2), 
active-site histidinc (His-363), a huiidm-bwtding loop (box B 
in Fig. 2), a potential ehrombomodulin-bindins site (Arg-382 
to Arg-393; see Fig. 2), and a fibrinoge^binding site (6). With 
the exception of the hirudin binding site and the putative 
thromboraodutin-and fibrinogcro-bindins regions, this portion 
of thrombin contains very few amino acid sequence differ- 
ences among the species examined. Analysis of the thrombin 
crystal structure has Identified the B loop (box A in Fig. 2) as 
forming an extended loop structure that restricts access to the 
active-site cleft, which may be responsible for the limited 
substrate specificity of thrombin (20). £ue to the rigid tanked 
structure of the B loop, it has been suggested that this loop 
may also represent part of the active substructure of the 
chemotactic/growth factor domain (10, 20). The amino acid 
sequence similarity in this region (28/56 identical residues, 



8/56 conservative changes) suggests that the chemotactie/ 
growth factor activity attributed to this region in human 
thrombin may have a similar activity in other vertebrate 
thrombins. In addition to the putative role of the B loop in 
substrate specificity and chemotactic/growth factor activity, 
this portion of the B chain contains a site (tor tf-linked 
giycosylatton (Asa-373). The asp&ragme residue at position 
373 is conserved in all of the 11 species. 

Residues Lys-385 to Glu-396 (box Bin Fig. 2) represent one 
of the surface contact loops of hirudin with human thrombin 
(21, 22). Interestingly, only 4 of the 12 residues in this region 
are identical or have conservative changes: Arg-388, Arg/ 
Lys-390 (except hagSsb and newt), Arg/Lys-393, and Lys- 
397 (except hagfish) (see box B in Fig. 2). Analysis of the 
crystal structure of the thrombin-hirudin complex reveals a 
number of possible electrostatic interactions between these 
residues and the acidic C-terrainal residues of hirudin (21). 

To date, two putative thrombomodulhvbiDding sites have 
been identified m human thrombin (5, 6). Ore banding site 
corresponds to residues Arg-382 to Arg-393 (see Fig. 2), a 
region of thrombin that has also been identified as binding 
hirudin (21. 22) and fibrinogen (6). The other tftrx^ibomod- 
ulin-brnding sits corresponds to residues Thir-463 to 
(box D in Fig. 2), where the surface Coop formed by Glu-467 
to Tyr-470 is located at the entrance of the binding cleft. The 
putative thrombomcdulio^adms site at Ars-3S2 to Arg-393 
(6) overlaps a birudin-biitding site (see box B in Fig. 2). The 
amino acid sequence of this region is conserved among the 
mammals compared, with the exception of the rabbit (see 
Fig. 2); aH five of the basic residues in this region are 
conserved. The amino acid sequences of the nonmammalian 
spades share an average of 30% amino acid sequence identity 
with the mammalian, species. Who the exception of the 
chicken sequence, 4/5 basic residues are conserved in the 
reonmammaHaa species compared. The putative tbrombo- 
m^wSulin-binding site corresponding to residues Thr-468 to 
Ser-478 (box Din Fig. 2) (5) is highly variable, with only 2 of 
the 12 amino acid residues being invariant (Trp-468 and 
Fro-477). Unlike the putative thrombomcdulin-binding site at 
Arg-382 to Arg-393, the amino acid sequence in this region 
varies significantly among the mammalian species compared. 
The majority of the amino acid sequence changes in this 
region are nonconservative. In addition, this is the only 
region of the B chain to contain an amino acxd deletion. The 
precise location of the thrOmbomoduKn-bindins site(s) in 
human ^thrombin has vet to be resolved (5, 6, 38, 39). 

Human thrombin contains an Ars-Gly-Asp tripeptide se- 
quence at positions 517-519 (boR E in Fig. 2) analogous to the 
adhesion site in adhesive proteins such as Kaminia, fibronec- 
tin, and fibrinogen (IS), This region of thrombin has been 
shown to promote ertdotbsliaj cell adhesion, spreading, and 
cyto&cJetal reorganization, potentially contributing to repair 
mechanisms and maintenance of the internal blood vessel 
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Biochemistry: Banfteld and MacGillivray 

lining (18). Although the cell adhesion activity was greatest 
with a chemically modified form of thrombin (NOr-o> 
thrombin), native thrombin was also found to promote en- 
dothelial cell adhesion. While a portion off the loop segment 
Tyr-509 to Gly-518 is exposed to the solvent, the tripepftide 
Arg-Gly-Asp is not (20). The Arg-Gly-Asp sequence is con- 
served in 9 of the II species* supporting a possible role fosr 
this sequence in vertebrate thrombins in vivo. 

The C-terminaJ region of thrombin is variable iq both 
composition and length. Within the C-terminal 10 residues of 
human thrombin, only Trp-569 and Lys-572 are conserved in 
all of the species compared. According to the crystal struc- 
ture, the C terminus Of human thrombin is exposed to the 
solvent (20); however, no interactions or functions have been 
assigned to this region. 

A number of abnormal human prothrombins have been 
characterized and their molecular defects have been identi- 
fied. Three of these are found in the 8 chain. Prothrombin 
Quick J (40) is characterized by an Arg -» Cys change at 
residue 382 (between boxes A and B in Fie* 2). The Arg 
residue is conserved in all 11 species. This amino acid has 
been identified from the thrcc-dimensicmal structure as one of 
the residues lining the long groove extending from the active 
site and may form part of the putative fibrinogen secondary 
binding site (20). Substitution of Cys for Arg at this position 
probably disrupts thrombin/fibrinogen interactions. In pro- 
thrombin ToEcushima, the Arg at position 418 is replaced by 
aTTp (41). This Arg residue is also conserved in all 11 specks. 
Arg-418 is adjacent no box C (Fig. 2), which forms one of the 
surface loops projecting out from the active site cleft (20). It 
may be the nature of the amino acid change at position 418 
that leads to the decreased enzyme efficeuy observed in 
prothrombin To&ushima. A Gly -o Val substitution at posi- 
tion 558 is found in prothrombin Quick II (42). Gly-558 is 
satfaccnt to the Cys -551 to Tyr-557 loop segment (20) and is 
conserved in all 11 species. Substitution of Val for Gly 
appears to alter the primary substrate-binding pocket (42). 

We are indebted to W. Kctley Tkmnaa, StcgerGr&bsm, and Billy 
Chow for helpful diseu&s&ons and to Tina UmcJas for excellent 
technical assistance. This worts woa supported by Grant MT 77J6 
from the Medical Research Council of Canada to R.T.A.M. 
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Localization of thrombomodulin-binding site within human 
thrombin. 

Suzuki K, NishifikaJ, Hayashi r. 
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A binding site for thrombomodulin on human thrombin (alpha- 
thrombin) was elucidated by identifying an epitope for a 
monoclonal antibody for thrombin (MT-6) which inhibited the 
activation of protein C by the thrombin-thrombomodulin 
complex by directly inhibiting the binding of thrombin to 
thrombomodulin. An 8.5-kDa fragment isolated by digestion 
of thrombin with Staphylococcus aureus V8 protease followed 
by reversed-phase high performance liquid chromatography 
(HPLC) and a peptide isolated by reversed-phase HPLC after 
reduction of the 8.5-kDa fragment, which was composed of 
three peptides linked by disulfide-bonds, bound directly to 
MT-6 and thrombomodulin. The amino acid sequence of the 
peptide coincided with the sequence of residues Thr-147 to 
Asp-175 of the B-chain of thrombin. A synthetic peptide 
corresponding to Thr-147 to Ser-158 of the B-chain inhibited 
the binding of thrombin to thrombomodulin. Elastase -digested 
thrombin, which was cleaved between Ala-150 and Asn-151, 
lost its binding affinity for both MT-6 and thrombomodulin. 
These findings indicate that the binding site for 
thrombomodulin is located within the sequence between Thr- 
147 and Ser-158 of the B-chain. 
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Abstract □ 

This article describes the presence of two new forms of a thrombin-like enzyme, both with 
apparent molecular masses of 38 kDa, in Bothrops atrox venom. Both share the ability to cleave 
fibrinogen into fibrin and to digest casein. Both present identical On the substrate BApNA. 

Their N-terminal amino acid sequences are identical for 26 residues, sharing 80% homology 
with batroxobin and flavoxobin. Two groups of monoclonal antibodies (mAbs) raised against the 
purified enzyme forms recognized different epitopes of the putative corresponding enzymes 
present in B. atrox crude venom. On Western blotting analysis of B. atrox crude venom, mAbs 
5DB2C8, 5AAJ 0 and 5CF1 1 , but not mAbs 6CC5 and 6AD2-G5, revealed two or more protein 
bands ranging from 25 to 38 kDa. By immunoprecipitation assays, the 6AD2-G5 mAb was able 
10 precipitate protein bands of 36-38 kDa from B. air ox, B. leucurus, B. pradoi y B. moojenU B. 
jararaca and B. neuwiedii crude venoms. Fibrinogen-clotting activity was inhibited when the 
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same venom specimens were pre-incubated with mAb 6AD2-G5, except for B.jararaca and B. 
neiwiedil 

Key words: venoms, Bothrops atrox, enzymes, thrombin-like enzymes, blood coagulation 
system 



Introduction □ 

The snake venom serine proteinase family includes enzymes that transform mammalian 
fibrinogen into fibrin fibers (1-3), activate clotting factor V (4,5) and plasma protein C (6,7), 
release kinins from kallikreinogen (8,9) and cleave the complement C3 component (10). 

We have recently shown that the thrombin-like Bothrops atrox venom component from two 
different Amazon regions, i.e., Manaus and Tucurui, presented distinct chromatographic profiles 
and capacity to clot fibrinogen. The thrombin-like activity was isolated as a 32-kDa protein 
which was recognized and neutralized by horse hyperimmune serum aMi-Bothrops whole venom 
(11). 

In this article, we present data indicating that highly purified B. atrox thrombin-like preparations 
contain at least two forms of the en2yme. Both clot purified bovine fibrinogen and hydroiyze a 
synthetic substrate, although exhibiting small differences in their molecular masses and in 
binding affinity for ion-exchange resins. Moreover, the enzymes share 80% NT-terminal sequence 
homology with the thrombin-like enzyme described for B. moojeni (12). We also describe 
monoclonal antibodies able to recognize and efficiently neutralize the thrombin-like enzymes of 
the B. atrox snake group but not able to discriminate between the two forms of thrombin-like 
activity. 



Material and Methods □ 
Venoms, resins and reagents 

Bothrops atrox venom was provided by the Laboratorio de Herpetologia, Instituto Butantan, Sao 
Paulo, SP, Brazil This snake colony was originally started with specimens captured in Tucurui, 
Para, Brazil. Venom was filtered through a 0.45-jim membrane, lyophilized, divided into 10-mg 

aliquots and stored at -20°C. 

Sephacryl S- 100-HR and cyanogen bromide-activated Sepharose-4B were purchased from 
Pharmacia Fine Chemicals (Uppsala, Sweden) and the HPLC column DEAE-5PW was 
purchased from BioRad Laboratories (Hercules, CA, USA), Bovine fibrinogen type IV, EDTA, 
and the synthetic substrates N(-benzoyl-L-arginine-/7-nitroanilide (BApNA), N-succinyl-Ala- 
Ala-Pro-Leu-p-nitroanilide, N-succinyl-Ala-Ala-Pro-Phe-/7-nitroanilide and other reagents were 
purchased from Sigma Chemical Co. (St. Louis, MO, USA). The molecular weight markers 
illustrated in Fig ure 3 were 66 kDa (bovine serum albumin), 45 kDa (egg albumin), 29 kDa 
(carbonic anhydrase), 18 kDa (B-lactoglobulin), and 14 kDa (lysozyme) from Sigma. The Mid- 
Range Protein Molecular Weight Markers from Prorocga Corporation (Madison, WI, USA) arc 
listed in Figures 4 and .£ 
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Purification of fibrinogen-clotting activity from R atrox venom 

Venom samples of 50 mg dry weight were dissolved in 2.5 mM Tris-HCl buffer, pH 7.5, plus 
1 50 mM NaCl and centrifuged to remove insoluble particles. The supernatant was applied to a 
Sephacryl S- 100-HR (2.5 x 67 cm) column equilibrated with the same buffer. The flow rate was 
] .3 ml/min and fractions of 2.5 ml were collected. Each fraction was assayed for fibrinogen- 
clotting activity and protein concentration was monitored at 280 nm. The fractions containing 
fibrinogen-clotting activity were pooled, concentrated by lyophilization and dialyzed against 2.5 
mM Tris-HCl buffer, pH 7.5. The pooled activity was applied to an HPLC anion-exchange 
column (DEAE-5PW, BioRad) equilibrated with 2.5 mM Tris-HCl buffer, pH 7.5. Elution was 
performed with an NaCl gradient The resulting fractions were assayed for fibrinogen-clotting 
activity and protein concentration was monitored at 280 nm. Two pools containing fibrinogen- 
clotting activity were obtained. The pools were named TLEl and TLE2 (thrombin-like enzyme), 
concentrated by lyophilization, dialyzed against 2.5 mM Tris-HCl buffer, pH 7.5, and stored at - 
20°C. 

Fibrinogen-clotting assay 

Clotting thne was determined by mixing 50 \il of the sample to be tested with 400 jai of purified 
bovine fibrinogen (2 mg/ml), 25 mM Tris-HCl buffer, pH 8.0, plus 150 mM NaCl at 25°C. A 
unit of fibrinogen-clotting enzyme was arbitrarily defined as the amount of enzyme preparation 
capable of coagulating the fibrinogen solution in 1 min. 

Enzyme assays and determination of kinetic parameters 

Thrombin-like enzyme activity on />-nitroanilide substrates was assayed in 50 mM Tris-HCl, pH 
8.0, at room temperature. The reaction was performed in a volume of 0.5 ml and was started by 
adding the en2yme at a final concentration of 4.0 |ig/ml. Substrate hydrolysis was monitored by 
measuring the increase in absorbance at 410 nm. For the determination of Michaelis constant 
(^T m ) and catalytic constants (£ cat ), at least 7 substrate concentrations were used. and k Q ^ 

were calculated according to Aguiar et al. (13). The following />-nitroanilide substrates were 
used: BA^NA, N-succinyl-Ala-Ala-Pro-Leu-^-nitroanilide and N-succinyl-Ala-Ala-Pro-Phe-;?- 
nitroanilide. To determine the effect of monoclonal antibodies on the en2yme activity, 
appropriate dilutions of each antibody were incubated with the enzyme preparations for 30 min 
in 50 mM Tris-HCl, pH 8.0, followed by the addition of 120 mM of substrate. BA^NA 
hydrolysis was recorded by the absorbance change at 410 nm. Inhibition activity was calculated 
on the basis of at least 5 experiments and is reported as percent. 

N-terminal sequence determination 

N-termiual sequences of the purified proteins were analyzed on a Shimadzu PPSQ-10 
Automated Protein Sequencer by Edman degradation. PTH-amino acids were detected at 269 nm 
after separation on a reverse phase CI 8 column (4.6 x 250 mm) under isocratic conditions 
according to manufacturer instructions. Sequence homology and alignments were determined 
using the BLAST NCBI algorithm (14). 

Monoclonal antibody (mAb) production 

BALB/c mice were immunized with TLE2 both before (mAbs: 6AD2-G5, 6CC5) and after SDS- 
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PAGE separation (mAbs: 5BA9 7 5DB2C8, 5AA10, 5CF11, 5DC2) using Al(OH) 3 as adjuvant. 
Sixteen days later a booster injection was applied with the corresponding antigens without 
adjuvant. Spleen cells were harvested on day 30 and fused with NSO myeloma cells according 
to KGhler and Milstein (15). The supematants of hybrid ceils were screened by ELISA or 
Western blot methods. These supematants were also screened for the ability of mAbs to block 
the fibrinogen-clotting activity present in total B. atrox venom or in purified thrombin-like 
preparations. 

Immunoprecipitation 

Twenty mg of CNBr-activated Sepharose-4B was equilibrated with 0.5 M HC1 and 0.5 M NaCl, 
pH 2.0, for 30 min. After washing the gel with 100 niM carbonate buffer, pH 9.0, containing 0.5 
M NaCl, 20 mg of mAb was added. The mixture was then incubated under gentle shaking for 4 
h at room temperature, followed by 1 6 h at 4°C. The gel was washed with 1 0 mM Tris-HCl 
buffer, pH 8.0, containing 0.1 M NaCl, 0.1% sodium aside and 0.1% Nonidet P40, followed by 
the addition of the antigen. The mixture was incubated at 37°C for 1 h. The gel was washed with 
the same buffer, centrifuged and resuspended in 50 j^l of SDS-PAGE sample buffer, boiled at 
100°C for 10 min, and applied to a 12% polyacrylamide gel. Protein bands were detected by 
Coomassie blue. 



Results □ 

B. atrox venom was fractionated on Sephacryl S- 100-HR and the fibrinogen-clotting activity 
was assayed. The fibrinogen-clotting activity reached its maximum at the elution volume of 190 
ml (FigurjLlA), in a region where the caseinolytic hydrolysis was low (Fig ure I B), suggesting 
that the observed fibrinogen-clotting activity is a specific proteolytic activity not able to 
hydrolyze casein. 

Fractions containing more than 10 units/ml of fibrinogen-clotting activity were pooled 
(Sephacryl pool), concentrated and applied to a DEAE-5PW HPLC anion-exchange column 
eluted with an NaCl gradient. Two protein peaks presenting fibrinogen-clotting activity were 
eluted and denoted TLE1 and TLE2, as indicated in Figure 2. T.abJfiJ. shows a summary of the 
purification steps, resulting in an enrichment of 37-fold with 7% recovery of activity in relation 
to crude venom. 

The electrophoretic profile of B. atrox crude venom and TLE1 and TLE2 after purification is 
shown in Figure!. The TLE1 and TLE2 proteins resulting from the ion-exchange step appear as 
bands of 38 kDa. Computed densitometric analysis (16) was used to estimate the extent of 
homogeneity as 95% for both proteins, indicating the existence of minor contaminants with a 
molecular mass of about 30 to 32 kDa. 

T able 2 shows that both en2ymes presented a similar kinetic behavior. TLE1 and TLE2 for 
BApNA were not significantly different, and both enzymes failed to hydroly2e efficiently the 
other substrates used. Among the synthetic substrates used to assay the enzymatic activities of 
TLEl and TLE2, BApNA was the one most rapidly hydrolyzed ( Table 2) and was used in the 
inhibition experiments. The enzymatic activity of TLEl was significantly blocked by 1 mM 
PMSF (28% inhibition) and by 10 \xg of the mAb 6AD2-G5 (53% inhibition). The en2yme was 
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insensitive to 0*001 mM pepstatin, 10 mM EDTA and 0.01 mM E-64 (data not shown). When 
tested with the same inhibitors, TLE2 presented identical behavior, supporting the conclusion 
that TLE1 and TLE2 are serine proteinases. 

The first 26 N-terminal amino acid residues of both TLEl and TLE2 are identical (lable3), 
When compared with published sequences for related proteins, homology was observed to be 
around 80% with batroxobin (12) and flavoxobin (17). 

The protein profile of B. atrox crude venom was visualized with the mAbs against purified 
TLE2 by Western blotting (Figure A\ The mAbs 5BA9 (lane 1) and 5DB2C8 (lane 2) revealed 
strong protein bands with molecular masses of around 32 to 38 kDa. The apparent thickness of 
the bands suggests more than one protein component. The mAb 5AA10 (lane 3) revealed two 
faint protein bands, with molecular masses of about 35 and 25 kDa, respectively; mAb 5CF1 1 
(lane 4) obtained two distinct but close protein bands with molecular masses of 38 kDa; mAb 
5DC2 (lane 5) reacted with four distinct protein bands with molecular masses ranging from 26 to 
38 kDa; mAbs 6CC5 (lane 6) and 6AD2-G5 (lane 7) were unable to react with protein bands 
within the 25 to 39 kDa range of molecular mass, although a faint band with a molecular mass 
lower than 14 kDa was observed in lane 6. The unrelated anti-human heat shock protein HSP70 
mAb (lane 8) did not react with any B. atrox venom protein band. 

The apparent inability of mAb 6AD2-G5 (F igure 4 , lane 7) to react with electrotransferred crude 
venom proteins could be attributed to the denaturating conditions used in Western blotting. We 
hypothesize that mAb 6AD2-G5 may be directed at a conformational rather than a structural 
epitope* If this were the case, its (information could be disarranged during the Western blotting 
procedure. To test this hypothesis, mAb 6AD2-G5 was immobilized on CNBr Sepbarose-4B and 
used to immunoprecipitate the specific antigens present in whole B. atrox venom* Under these 
conditions, the epitope recognized by mAb 6AD2-G5 was preserved and 36-38-kDa protein 
bands were detected in B, leucurits, B. pradoU B. jararaca, 5. neuwiediU B. moojeni, and B, 
atrox venom (Fig ure 5 ). The fibrinogen-clotting activity present in these venoms, but not in 5. 
jararaca or B. neuwiedii venoms, was extensively blocked when samples were pne-incubated 
with mAb 6AD2-G5 (Table 4). 



Figure 1 - Size exclusion chromatography of crude B. atrox venom (50 
mg) on a Sephacryl S- 100-HR column (2.5 x 67.0 cm). The venom was 
solubili2ed in 25 mM Tris-HCl, pH 7.5, plus 150 mM NaCL Protein 
concentration was monitored at 280 nm (circles). A, Thrombin-Iike 
activity is indicated by triangles. B, Caseinolytic activity is indicated by 
triangles. 



[View larger version of this ima pe (71 K GIF file)] 



Figure 2 - Ion-exchange chromatography. The gel-filtered thrombin-like 
activity (Figure 1 A) was applied to a DEAE-5PW (BioRad) HPLC 
column, equilibrated with 2.5 mM Tris-HCl, pH 7.5, and eluted with an 
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NaCl gradient. Absorbance was monitored ax 280 nm. Thrombin-like 
activity (filled circles) was estimated as described in Material and 
Methods. Peaks 1 and 2 were pooled as indicated by bars and are denoted 
TLE1 and TLE2, 



[Vi ew larger vers ion of this image f 18 K GIF file)] 



Figure 3 - SDS-po!y acrylamide gel electrophoresis of pxiritled thrombin- 
like enzymes (TLE) from Bothrops atrox venom. Samples were 
submitted to electrophoresis on 12% slab gel containing 1% SDS. 
Proteins were denaturated by heating. Lane 7, 60 ^ig of crude venom, 
Lane 2 7 1 j^g of TLE 1. Lane 3 y 1 ng of TLE2. 



[View lar ger version of thi s im age (32 K GIF fil e 1 )] 



Figure 4 - Western blotting analysis using mAbs against A atrox 
thrombin-like enzymes. Crude venom was submitted to SDS-PAGE (12% 
acrylamide), electrotransferred to a nitrocellulose membrane and each 
strip was reacted with mAbs as described in Material and Methods. Lane 
1, 5BA9; lane 2, 5DB2C8; lane J, 5AA10; lane 4, 5CFU; lane 5, 5DC2; 
lane 6 f 6CC5; lane 7, 6AD2-GS; lane <5, anti-human HSP70 mAb. 



[View l arger version of this imag e (49 K GIF fi le)] 



Figure 5 - SDS-PAGE (12% acrylamide) of immunoprecipitated venom 
proteins of Bothrops species by 6AD2-G5 immobilized on Sepharose-4B. 
Bands close to the 55,000 and 3 1,000 markers, present in all slots, are the 
heavy and light IgG fractions. The amounts of venom used in the 
immunoprecipitation experiments are given in parentheses. Lane 7, R 
fonsecai (0.41 mg); lane 2, B. leucurus (0.58 mg); lane 3, B, pradoi (0.41 
mg); lane 4, B. jararaca (0.54 mg); lane J, B. insularis (0.28 mg); lane 6 9 
B. cotiara (0.25 mg); lane 7, 5. alternants (033 mg); lane 8, B. neiwiedii 
(0.33 mg); lane P, B, jararacussu (0.33 mg); lane 10, B. moojeni (0,30 
mg); lane J1 7 B. atrox (0.64 mg). 

[View lar ger version of th is image (6 3 K. GIF file)] 



Discussion □ 
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Edema and pain are the earliest local symptoms following injection of Bothrops venom into the 
victim's skin. Thereafter, leukocyte infiltration, hemorrhage and intravascular thrombus 
formation may sometimes lead to severe tissue destruction (18). Hypotension, blood 
incoagulability with intense fibrinogen consumption and respiratory distress are concurrent 
systemic symptoms. Depending on the amount of venom injected, kidney failure and death are 
possible outcomes (19). 

The snake venom serum proteases through their fibrinogen-converting activities (2), blood 
clotting factor V and protein C-activating enzymes (4-6), and C3 -converting en2ymes (10) are 
probably the.most important mediator inducers of the tissue damage and symptoms provoked by 
Bothrops venoms. 

The purification and characterization of two new forms of thrombin-like enzyme were reported 
here. Fibrinogen-clotting activities were concentrated into two closely related fractions, called 
TLE1 and TLE2, after serial chromatography on Sephacryl S~1 00-HR and DEAE-5PW. These 
fractions together, although representing only 7% of the total activity contained in the starting 
crude venom, have high specific activity (3100 U/mg) corresponding to 37 times purification 
(Table 1). Both enzymes are almost equally active on synthetic specific substrates such as 
B A/>NA, suggesting that their active en2ymatic sites are functionally similar. The capacity of 
TLE1 to hydrolyze the synthetic substrate was efficiently inhibited by mAb 6AD2-G5. 

The purified proteins have similar molecular masses of 38 kDa ( Figure 3). When amounts above 
10 ng ofTLEl or TLE2 are submitted to SDS-PAGE (15%), a second band with a molecular 
mass of approximately 32 kDa becomes visible probably corresponding to the thrombin-like 
enzyme previously described by Cavinato et ah (1 1). These data, and the distinct elution profiles 
exhibited by the two enzymes (TLE1 and TLE2) on DEAE-5PW ion-exchange chromatography 
strongly suggest that although they contain similar enzymatic active sites they are distinct 
molecules. As the amino acid sequencing data presented in this paper did not extend beyond 
residue 26, differences in the primary structure could be present beyond this residue. 
Alternatively, the molecular differences between the two enzymes could be ascribed to the 
extent of glycosylation of their respective polypeptide chains. This possibility is likely since 
thrombin-like enzymes exhibiting microheterogeneity due to differences in their polypeptide 
chain glycosylation have been reported in venoms from Agkistrodon rhodostoma (20,21) 
Crotalus horridus horridus (22), Lachesis muta muta (23), Bothrops jararaca (24) and Bothrops 
jararacussu (25). 

The N-terminal sequences of the TLE1 and TLE2 proteins have a high homology, around 80%, 
compared to published sequences for related proteins such as batroxobin and flavoxobin (12,1 9), 

Since most assayed mAbs were able to recognize and precipitate protein components present in 
B. atrox crude venom, it was interesting to determine if they could also block the thrombin-like 
component against which they were raised. In preliminary experiments, we found that such 
activity was exhibited only by mAbs 5DB2C8 and 6AD2-G5. The latter mAb significantly 
blocked the fibrinogen-clotting activity present in B. atrox (80% inhibition), B. leucurus (90% 
inhibition), B. moojeni (84% inhibition), and B. pradoi (94% inhibition), as well as the purified 
thrombin-like activity of B. atrox venom. 

The ability of mAb 6AD2-G5 to efficiently neutralize the fibrinogen-clotting activity only of 
venoms from B. atrox, B. leucurus, B. pradoi and B. moojeni supports the view that these species 
are highly correlated and distinct from the other Bothrops species (26). On the other hand, the 
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mAb was also able to recognize and inhibit with lower efficiency fibrinogen-clotting engines 
from B. jararaca and B. neuwiedii venoms. This mAb may be a valuable tool for the rapid 
purification of sufficient amounts of these proteins to be used in more refined experiments. 
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Non-synergistic interactions between strong allosteric 
effectors and human embryonic and adult haemoglobins 

Amy. E.M. McLennan A1 and Thomas Brittain A1 

A1 Biochemistry and Molecular Biology School of Biological 
Sciences, University of Auckland, Auckland, New Zealand 

Abstract: 

The binding of two strong allosteric effectors (2,3 
Diphosphoglycerate D.P.G., and Bezafibrate, Bzf) to both 
adult and the three human embryonic haemoglobins, either 
individually or in combination, have been studied in detail. 
The adult protein exhibits one binding site for D.P.G and two 
for Bzf. When both effectors are present simultaneously their 
effects are simply additive. The same qualitative pattern of 
binding is observed in the case of the three human 
embryonic haemoglobins, although with different binding 
constants. The lack of synergism between these effectors 
and the different binding affinity expressed by these proteins 
are discussed in terms of the known amino acid sequence 
differences. 
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Kinetic characterization of a T-state of Ascaris suum 
phosphofructokinase with heterotopic negative 
cooperativlty by ATP eliminated. 

Jaqanna tha Rao GS, C ook Pf r Harris BG . 

Department of Molecular Biology and Immunology, University of North 
Texas Health Science Center at Fort Worth, 3500 Camp Bowie 
Boulevard, Fort Worth, Texas, 76107, USA. 

The affinity analogue, 2',3'-dialdehyde ATP has been used to 
chemically modify the ATP-inhibitory site of Ascaris suum 
phosphofructokinase, thereby locking the enzyme into a less 
active T-state. This enzyme form has a maximum velocity 
that is 10% that of the native enzyme in the direction of 
fructose 6-phosphate (F6P) phosphorylation. The enzyme 
displays sigmoid saturation for the substrate fructose 6- 
phosphate (S0.5 (F6P) = 19 mM and nH = 2.2) at pH 6.8 and 
a hyperbolic saturation curve for MgATP with a Km identical to 
that for the native enzyme. The ailosteric effectors, fructose 
2,6-bisphosphate and AMP, do not affect the S0.5 for F5P but 
produce a slight (1.5- and 2-fold, respectively) V-type 
activation with Ka values (effector concentration required for 
half-maximal activation) of 0,40 and 0.24 mM, respectively. 
Their activating effects are additive and not synergistic. The 
kinetic mechanism for the modified enzyme is steady-state- 
ofdered with MgATP as the first substrate and MgADP as the 
last product to be released from the enzyme surface. The 
decrease in V and V/K values for the reactants likely results 
from a decrease in the equilibrium constant for the 
Isomerlzation of the E: MgATP binary complex, thus favoring 
an unisomerized form. The V and V/KF6P are pH dependent 
with similar pK values of about 7 on the acid side and 9.8 on 
the basic side. The microenvironment of the active site 
appears to be affected minimally as evidenced by the 
similarity of the pK values for the groups involved in the 
binding site for F6P in the modified and native enzymes. 
Copyright 1999 Academic Press. 
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Abstract 



Thrombin is an allosteric enzyme existing in two forms, slow and fast, that dif 
specificities toward synthetic and natural amide substrates. The two forms are 
in vivo, and the allosteric equilibrium can be affected by the binding of effectc 
substrates. The fast form is procoagulant because it cleaves fibrinogen with hij 
slow form is anticoagulant because it cleaves protein C with higher specificity 
thrombomodulin inhibits cleavage of fibrinogen by the fast form and promotes 
by the slow form. The allosteric properties of thrombin, which has targeted twi 
confonnational states toward its two fundamental and competing roles in hem< 
paradigmatic of a molecular strategy that is likely to be exploited by other prot 
coagulation cascade. 
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